Introduction
The pyridazinone herbicides SAN 6706 and 9789 are known to be inhibitors of the photosynthetic electron transport of chloroplasts in vitro [1, 2] , Their main phytotoxic action, however, is to induce chlorosis leading to complete photobleaching of the photosynthetic apparatus under in vivo conditions when applied in seed-treatm ents from the onset of germ ination [3, 4] . It was dem onstrated that these com pounds are specific and potent inhibitors of the carotene biosynthesis [5, 6] , which leads to complete absence of coloured carotenoid pigments. The lack of the protective action of carotenoids results in an over-excitation of chlorophylls which leads to their photobleaching under high light intensities [7, 8] .
Little is known about the in vivo action of these pyridazinones on the photosynthesis, since the inves tigations carried out so far induced complete bleach ing [9, 10] . Only a few reports appeared (e.g. [24] ) dealing with objects not completely bleached. Our previous reports [11, 12] dem onstrated that greening of detached barley leaves in the presence of py ridazinone compounds proved to be a valuable ex perim ental system, since no complete photobleach ing was observed during the 72-hour greening period. While carotenes disappeared during green ing, substantial amounts of xanthophylls and chlorophylls rem ained present in the leaves greened in the presence of 2 x 10-4 m SAN 6706 and 9789.
In this communication the photosynthetic charac teristics of the leaves greened in the presence of the bleaching herbicides are described. It is shown that while the PS-2 units are inactive (similarly to the finding presented in ref. [24] ), those of PS-1 display substantial activity in vitro. It is also shown that L H C P3 is present when complete bleaching is p re vented.
M aterials and M eth od s

Plant material
Barley (H ordeum vulgare L., var. Horpäcsi ketsoros) seeds were germ inated and were grown for 7 days in the dark. The upper 6-cm part of the etio lated leaves was than cut off and treated with 2 x 10-4 m SAN 6706 as described in [11] . A fter an additional incubation period (24 h) in the dark, the leaves were exposed to continuous illumination with white light of 0.8 mW cm-2 intensity for 3 days.
Pigm ent contents of the leaves were analyzed as described elsewhere [11] .
The 14C O 2-fixation activity of the intact leaves was studied as described previously [13] .
Fluorescence induction m easurem ents on intact leaves were carried out with a laboratory-built ap paratus after a 30-min dark adaptation. A xenon lamp of 650 W was used to produce the actinic beam. Blue actinic light of 5 mW cm-2 was transm itted by a Schott BG 12 filter. The opening of the shutter was com pleted within 2 ms. Fluorescence em itted at 90 °C was detected with a photom ultiplier through a red SIF 675 interference filter and recorded with a transient recorder. The dwell time between 1024 samplings was 1 ms and 300 ms in the fast and slow fluorescence induction measurements, respectively. In each experim ent, 16 independent curves were re corded and averaged automatically with an averaging unit attached to the transient recorder.
Chloroplasts were isolated from the leaves by grinding in an ice-cold isolation medium containing 0.33 m sorbitol, 10 mM Na4P20 7, 4 mM MgCl2, 2 mM ascorbic acid and 0.05% (w/v) bovine serum albu min, pH 6.5, in an U ltra-Turrax homogenizer for 20 s at 8000 rpm. The hom ogenate was filtered through 8 layers of muslin and centrifuged at 2200 x g for 2 min at 4 °C. The chloroplast pellet was resuspended in ice-cold medium containing 0.05 m sorbitol, 2 mM E D T A , 1 mM MgCl2, 1 mM MnCl2 and 50 mM tricine, pH 7.6. The chlorophyll contents of the samples were determ ined according to [14] .
The activity o f electron transport from water to K-ferricyanide (Hill-reaction) was measured with a Clark-type oxygen electrode (R ank Brothers, Bottisham , England) as light-induced oxygen evolu tion. The 3.1 ml reaction mixture contained 0.33 m sorbitol, 50 mM tricine, 5 mM MgCl2 and 0.5 mM K3 [Fe(CN )6], 5 mM N H 4C1, pH 7.8. Samples containing thylakoids equivalent to 40 ^g chlorophyll were illu m inated with white light of 10 mW cm-2 intensity at a constant tem perature of 25 °C.
The activity o f the photosystem I-dependent elec tron transport (in vitro M ehler reaction) was meas ured polarographically as light-induced oxygen con sum ption in the presence of D CPIP/ascorbate and methylviologen. The 3.1 ml reaction mixture con tained 0.33 m sorbitol, 50 mM tricine, 5 mM MgCl2, 10 mM methylviologen, 50 [im D CM U , 0.2 mM D C PIP, 6 mM N a-ascorbate, pH 7.6, and thylakoids equivalent to 40 |ig chlorophyll [15] .
For the analysis o f chlorophyll-protein complexes,
chloroplasts were isolated from the leaves after 72 h of greening. Isolation of chloroplasts, solubilization of thylakoids m em branes and separation of CPCs by SD S-PA G E were carried out essentially according to [16] . The gels were photographed, the relative pro portions of the individual CPC bands were deter m ined from densitogram tracings and are given as percentages of the total. The individual bands were cut out of the gels for determ ination of the Chi-alb ratio and for fluorescence m easurem ents. The Chla/b ratios of the CPC bands were determ ined by m easuring the optical densities at 671 and 653 nm, using the integrating sphere of an SZF-18 spec trophotom eter according to [17] . Low -tem perature fluorescence spectra of the CPC bands were re corded with a Perkin-Elm er MPF 44/A instrument at 77 K. The spectra were corrected for the spectral sensitivity of the apparatus and were normalized to unit area. Table 1 presents the pigment (total chlorophyll and total carotenoid) contents of the leaves during greening on a dry weight basis. It is seen that about 40% of chlorophylls rem ained present in the treated leaves after 72 h of greening. The in vivo photosynthetic capacities of barley leaves greened in the presence or absence of SAN 6706 were investigated by fluorescence induction in the course of greening and by 14C 0 2-fixation m eas urem ents at the final stage. Leaves greened in the presence of SAN 6706 were practically unable to fix C 0 2 (Table II) , since their fixation rates did not ex ceed several % of the control, regardless of w hether it was related either to unit leaf area or to the same chlorophyll content. Table III presents the ratios   Table III The slow fluorescence induction curves of the leaves greened in the presence or absence of SAN 6706 were recorded in the time range of 5 min. Con trol leaves exhibited quenching of fluorescence from the initial P to a term inal T level. This quenching is expressed as (P-T)/P and is presented in Table III . It is seen that fluorescence quenching was also ob served with the leaves greened in the presence of SAN 6706. The extent of this quenching showed progressive developm ent in the course of greening, similarly to the control, the actual values being about 25% less (Table III) m onstrates the slow fluorescence induction curves of intact leaves at the final stage of greening. It is well seen that the SMT transient is absent from the tre a t ed leaves.
Results
The activities of the photosystems were studied by in vitro m easurem ents on isolated, osmotically shocked chloroplasts. Table IV presents Hill reaction. On the other hand, their PS-1 activity, m easured as the rate of electron transport from D C PIPH 2 to methylviologen was substantial during the overall course of greening when expressed on a chlorophyll basis. In order to investigate the formation and proper ties of the chlorophyll-protein complexes, detailed CPC analyses were carried out at the final stage of greening. The chlorophyll-protein complexes could be solubilized from the thylakoids of SAN 6706-treated leaves only with high detergent concentration (S D S :chlorophyll 30:1 weight ratio), while those from untreated leaves were easily solubilized with SDS-chlorophyll 5 :1 detergent concentration. It was necessary, therefore, to check the effect of the high detergent concentration on the solubilization charac teristics of the untreated samples, too. The high de tergent concentration caused the disappearance of the discrete forms of the more aggregated LHCP bands (L H C P 1 and LH C P2), and also led to a higher am ount of free chlorophylls (Table V) . Samples treated with SAN 6706 are characterized by the total absence of CPa and by the very limited amount of CP 1. Only the LH C P3 band and free chlorophylls could be distinguished in the gels after electro phoresis. Investigation of the spectral properties of these bands revealed that the CP 1 band of the treat ed samples lacked the characteristic fluorescence emission at 723 nm when studied in situ. Instead, a large fluorescence peak appeared at 677 nm with a small shoulder at 730 nm (Fig. 2 ). 
Discussion
The results presented in this communication de m onstrate that barley leaves greened in the presence of the pyridazinone herbicide SAN 6706 are unable to carry out photosynthetic C 0 2 assimilation. Their fast fluorescence induction tracings reveal that i) the light utilization efficiency by PS-2 photochem istry is very low, and ii) the electron transport from Q to the PQ pool proceeds at practically zero rate. Isolated chloroplasts are also inactive in m ediating PS-2 specific Hill reaction, indicating a serious im pair m ent of PS-2 function. The inactivation of PS-2 reac tion centres was reported for SAN 9789 in Scenedesm us [24] , Previous investigations with greening bar ley [18] have shown that the primary photochemical function of PS-2 (charge separation by the reaction centre) proceeds at a much lower rate than in the control. Analysis of the chlorophyll-protein com plexes of the thylakoids showed that chloroplasts from leaves greened in the presence of SAN 6706 practically do not contain the CPa complex, which is thought to be the chlorophyll-protein complex of P680, the reaction centre chlorophyll of PS-2 [19] . These results indicate that not only the num ber of PS-2 units but their functional activity is greatly de creased during greening in the presence of SAN 6706. By the 48th hour of greening, these leaves do not contain any detectable amounts of carotenes, while substantial quantities of xanthophylls and chlorophylls rem ain still present (Table I , see also ref. [11] ). As concerns the functional role of ß-carotene in the PS-2 complex, it has been established that the presence of ß-carotene is not an absolute requirem ent for PS-2 function, but is required for full activity [20] . In our case the very low or zero level of PS-2 activity coincided with the lack of ß-carotene and of the CPa band. From this we conclude that the presence of ß-carotene is required for the m ainte nance of the structural integrity of PS-2 units.
The rate of the in vitro M ehler reaction (mediated by PS-1 solely) declined during greening in untreated samples when expressed on a chlorophyll basis. This decline (which was reported to be closely related to the developm ental status of PS-1, [21] ) was absent from the treated samples, which showed high PS-1 activity at every stage of greening, indicating a higher proportion of P700 related to the total chlorophyll content. Though the analysis of the chlorophyll-protein complexes showed only very limited presence of CP 1 (the chlorophyll-protein complex of P 700 [19] ), we think that the high detergent concentration re sulted in over-solubilization of the CP 1 band. This action is observed also with the spectral characteris tics of the CP 1 band (Fig. 2) . The lack of the 723 nm emission and the appearance of that at 677 nm may possibly resulted from the destruction of the native complex during the solubilization and electrophore tic procedures, as was observed also by other authors [22] .
One of the main points to be discussed is the pres ence of the fluorescence quenching from P to T in the treated leaves. Since electron transport from PS-2 is negligible, but the PS-1 p er se is not inactive, this quenching may well be the consequence of cyclic electron transport around PS-1. Since this electron flow is also coupled to ATP form ation [15] , the de gree of fluorescence quenching could dem onstrate the generation of the high-energy state of thylakoids required for photophosphorylation [23] . The degree of this fluorescence quenching showed progressive developm ent in the course of greening, similarly to the control (Table I ), suggesting that the extent of the quenching is correlated to the developm ental status of the chloroplasts. A part of this quenching can very possibly be attributed to a reversible photo bleaching of chlorophyll during the measurements, as it was shown for SAN 9789-treated Scenedesmus [24] and barley [18] . The CPC-profile of the treated samples contained considerable amounts of the m onom er LH CP3. It was dem onstrated that these chloroplasts does not contain carotenes at the end of greening, but considerable amounts of xanthophylls and chlorophylls are present. The presence of L H C P3 clearly dem onstrate the important role of xanthophylls in the assembly of the monomer form of the light-harvesting complex. It has been reported [25] that bleached leaves (induced by SAN 9789) contain neither CPa, nor LHCP. This is readily inter preted by the lack of all carotenoid pigments.
